Hadron resonances generated from the dynamics of the lightest scalar ones 
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Abstract 

We have studied the interactions of the scalar resonances /o(980) and ao(980) with the vector resonance 0(1020) and 
with the lightest pseudoscalars n, K, r\ and 77'. We first obtain the interaction kernels without including any new 
free parameter. Afterwards, the interaction kernels are unitarized and the final S-wave amplitudes result. We find 
that these interactions are very rich and generate a large amount of pseudoscalar resonances including the #(1460), 
7r(1300), tt(1800), t/(1475) and X(1835) resonances. The / O (98O)0(1O2O) self-interactions give rise to the 0(2170) 
resonance. For realistic choices of the parameters we also obtain an isovector companion in the same mass region 
from the ao(98O)0(lO2O) interactions. 

Keywords: Chiral symmetry. Scalar, pseudoscalar and vector resonances. Dynamical generation of resonances. 



1. Introduction 

Due to the spontaneous chiral symmetry breaking of 
QCD the interactions between the lightest pseudoscalars 
are constrained U 0]. These interactions in S-wave 
are strong enough to generate dynamically the lightest 
scalar resonances, namely, the /o(980), ao(980), k and 
cr, as shown in refs. Still one can make use of the 

tightly constrained interactions among the lightest pseu- 
doscalars in order to work out approximately the scatter- 
ing between the lightest pseudoscalar mesons and scalar 
resonances. We report here about ref. fl7[] where the nar- 
rower resonances /o(980) and ao(980) are taken and the 
scattering of the latter ones with the pseudoscalars 7r, #, 
j] and T]' is studied. Many pseudoscalar resonances then 
arise as dynamically generated. The problem of the ex- 
cited pseudoscalars above 1 GeV is interesting by itself. 
These resonances are not well-known typically (8J]. In 
isospin 7=1/2 one has the #(1460) and #(1630) res- 
onances. The broad I = 1 resonances 7r(1300), 7r(1800) 
are somewhat better known [8]. Special mention de- 
serves the 1 = channel where the 7/(1295), 7/(1405), 
7/(1475) have been object of an intense theoretical and 
experimental study [9]. Refs. 18j|9[] favor the descrip- 
tion of the 7/(1295) and 7/(1405) as ideally mixed states 
of the same nonet of pseudoscalar resonances, with the 
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other members being the 7r(1300) and the #(1460). The 
7/(1405) would then be an extra state whose clear sig- 
nal in gluon-rich processes would favor its interpreta- 
tion as a glueball in QCD HoifTlll . However, this con- 
clusion clashes with lattice QCD that predicts the low- 
est mass for the pseudoscalar glueball around 2.4 GeV 
fill . Nonetheless, the 7/(1405) would fit as a 0~ + glue- 
ball, if the latter is a closed gluonic fiuxtube lfl3ll . Its 
mass and properties also fit as a gluino-gluino bound 
state 11 1 lL 1 14fl . The previous whole picture for classify- 
ing the lightest pseudoscalar resonances has been chal- 
lenged in ref. B15I1 . On the other hand, the resonance 
X(1835) was recently observed by the BES Collabora- 
tion and the assignment of pseudoscalar quantum num- 
bers 0~ + was favored [ 16]. 

The resonance 0(2170) (also denoted by T(2175)) 
cannot be easily accommodated within the quark model 
ifTvh . It was first observed by the BABAR Collabora- 
tion JH. Ref. Hi obtained M Y = 2117+JJ^ MeV an d 
T Y = 164+® MeV from a combined fit to both BABAR 
and Belle data. In Ref. l2~lll our research group achieved 
a good description of the e + e~ -> 0(1O2O)/ O (98O) data 
in the threshold region (~ 2 GeV) using chiral La- 
grangians coupled to vector mesons, supporting the con- 
clusion that the 0(2170) has a large 0(1O2O)/ O (98O) 
mesonic component [22]. This study was extended in 
ref. JH to consider the I = 1 a o (98O)0(lO2O) scatter- 
ing so as to disentangle whether an isovector companion 
of the 0(2170) could appear Eil . 
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2. Formalism. Setting the model 

In order to settle the formalism we consider first the in- 
teractions between the scalar resonances and the lightest 

r~L 

pseudoscalars following ref. |7y. The interactions of the 
former resonances with the 0(1020) will emerge as a 
special case. 
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Figure 1 : Triangular loop for calculating the interaction kernel 
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Our approach is based on the triangular diagram 
shown in fig. Q] where an incident scalar resonance S\ 
decays into a virtual KK pair. The filled dot in the ver- 
tex on the bottom of the diagram corresponds to the 
interaction of the incident (anti)kaon in the loop with 
the pseudoscalar Pi giving rise to the the pseudoscalar 
P2 and the same (anti)kaon. This scattering amplitude 
is denoted by T((P - t) 2 ), with P = p\ + k\ the to- 
tal four- momentum and I the running one in the loop. 
The out-going scalar resonance is denoted by S 2. The 
basic point is that this diagram is enhanced because 
the masses of both the /o(980) and the ao(980) reso- 
nances are very close to the KK threshold. In this way, 
for scattering near the threshold of the reaction, one of 
the kaon lines in the bottom of the diagram is almost 
on-shell. Indeed, at threshold and in the limit of the 
mass of the scalar equal to twice the kaon mass this di- 
agram becomes infinite [21]. One takes advantage of 
the fact that both the /o(980) and oo(980) resonances 
are dynamically "generated by the meson-meson self- 
interactions 1I3I la Hsll . In this way, we can calculate 
the couplings of the scalar resonances considered to two 
pseudoscalars, including their relative phase. The cou- 
pling of the /o(980) and ao(980) resonances to a KK 
pair in / = and 1 , respectively, is denoted by g f and 
g ao . The diagram in fig.[T]reads 
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Here, we employ the meson-meson scattering ampli- 
tudes obtained in ref. [6] but now enlarged, so that states 
with the pseudoscalar 77' are included. These amplitudes 
contain the poles of the scalar resonances <x, a:, /o(980), 
ao(980) and other poles in the region around 1 .4 GeV 
Oa]. In order to proceed further we have to know the 



dependence of T((P - €) 2 ) on the integration variable 
{. This can be done by writing the dispersion relation 
satisfied by T(q 2 ), 
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One subtraction at sa has been taken because T(q 2 ) 
is bounded by a constant for q 2 — > 00, with T(sa) the 
subtraction constant. Typically there are also present 
deep poles in the s-complex plane at s,- whose residue 
are Res,. Inserting eq. into eq. ([1) one can write for 
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Here we have introduced the three- and four-point 
Green functions C3 and Ca{M^) defined in standard way 
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One has still to perform the angular projection for C3 
and CniM^), see appendix B of ref. |2y. Once this is 
done eq. (0 can still be used but with C3 and Cn(M 2 ) 
projected in S-wave. For S i{p\)P\{ki) -> 52(^2)^2(^2) 
we have the usual Mandelstam variables s — {p\ + k\) 2 , 
t = (pi - pi) 2 and u — (p\ — k 2 ) 2 = M\ + M 2 , + M 2 ^ + 
M 2 , - s - t, with the masses of the particles indicated 
by M with the subscript distinguishing between them. 
The dependence on the relative angle 9 enters in t as t — 
(p?-^) 2 -(p-p') 2 = (y i , -^) 2 -p 2 -p' 2 +2|p||p'|cos0 
with p and p' the CM three-momentum of the initial and 
final particles, respectively. 

Eq. (0 is our basic equation for evaluating the in- 
teraction kernels. One has only to specify the pseu- 
doscalars actually involved in the amplitude T((P-{) 2 ), 
according to the specific reaction under consideration. 
For each set of quantum numbers, specified by the 
isospin / and G-parity G (if the latter is not defined this 
label should be omitted), we join in a symmetric matrix 
Tig me different Ti(i — > j) calculated. Then, in order 
to resum the unitarity loops and obtain the final S-wave 
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scalar-pseudoscalar T-matrix, Tjg, we make use of the 
master equation 



[I + T ia -g IG (s)]- 1 -T K 



(5) 



For a general derivation of this equation, based on the 
N/D method see refs. SHUS]. In e q- © £/g0) is a 
diagonal matrix whose elements are the scalar unitar- 
ity loop function with a scalar-pseudoscalar intermedi- 
ate state. For the calculation of gic(s)i, corresponding 
to the i,h state with the quantum numbers IG and made 
up by the scalar resonance 5, and the pseudoscalar P,, 
we make use of a once subtracted dispersion relation. 
Explicit expressions are given in refs. jo, l2ll 12311 . The 
subtraction constant a\ is restricted to have natural val- 
ues so that the unitarity scale [21] Anf„l VjoTl becomes 
not too small (e.g. below the p-mass), \a\\ < 3. In ad- 
dition, we require the sign of a\ to be negative so that 
resonances could be generated when the interaction ker- 
nel is positive (attractive). 

For the interactions of the considered scalar reso- 
nances with the 0(1020) we take into account fig. [T] In 
this case, the horizontal dashed lines at the bottom cor- 
respond to the 0(1020) and its interaction to KK is ob- 
tained by employing the lowest order chiral Lagrangians 
coupled to vector mesons by minimal coupling. It is 
then calculated at tree level and it is characterized by 
a coupling g 2 . The interaction kernel is then propor- 
tional to g ' C3. Together with fig. [T] local terms are 
also introduced coupling directly the 0(1020) with two 
kaons. The unitarization of the resulting kernels is per- 
formed employing eq. (0 with the proper masses for 
the resonances involved. For further details we refer to 
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3. Results 

The channels coupled for each quantum numbers are 
the don, foj] and fyrf states for / = 0, G = +1, /qK 
and aoK in I - 1/2 and fan, aorj and aorj' in I - 1, 
G = - 1 . For the exotic quantum numbers I = 1 , G = + 1 
and I = 3/2 one has the channels aQ7i and a^K, re- 
spectively. We obtain resonant signals for the 7 = 
resonances 77(1475) and X(1835), for the 1=1/2 res- 
onance #(1460) and for the I = 1 G = -1 tt( 1300) 
and 7r(1800). For the exotic channel with I = 3/2 we 
can also obtain a resonance for lower values of the sub- 
traction constant, in agreement with the prediction of 
ref. 12711 . We show in fig. [2] the resonant peaks corre- 
sponding to the X(1835), left panel, and 77(1475), right 
panel. The /077' channel, due to its high threshold, al- 
most decouples from the for] and a^n channels and pro- 
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Figure 2: Modulus squared of the f rj' 
for] (right) S-wave amplitudes. 
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duces a resonance whose mass and width is in agree- 
ment with that of the X(1835) |8| for a x * -1.2. We 
also show in the right panel of the figure the modu- 
lus squared of the fyr] scattering amplitude showing a 
clear resonance at 1475 MeV for \a\\ > 0.8. This res- 
onance is associated with the 77(1475) because it does 
not couple to the ao(980)7r, the main decay channel of 
the nearby 7/(1405). The a^rj' channel almost decouples 
in the 7r-like channel with / = 1 G = — 1 (similarly as 
for the /077' case) and gives rise to a resonant signal at 
the 7r(1800) resonance. We also obtained a clear sig- 
nal for the 7r(1300) resonance. For some resonances, 
like the 77(1475) or #(1460), the influence of the chan- 
nels involving the #*(892) resonance is expected to be 
significant because this is an important decay channel. 
We expect in the future to study simultaneously the S- 
wave scalar-pseudoscalar interactions together with the 
P-wave vector-pseudoscalarones. 




Figure 3: Cross-section for e + e" -»0(1O2O)/ O (98O). The ex- 
perimental data are from Ref. 1 1 811 (diamonds and crosses) 
and Ref. 11911 (empty boxes). The dashed line shows the non- 
resonant cross section from ref. fl911 . 
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Figure 4: (Color online). e + e — > <f>(l02Q)ix r] cross section in 
the a (980) region (M m , e [0.85, 1.10] GeV). 



For the case of the /o(98O)0(lO2O) we show in 
fig. [3] the fit performed in ref. 02111 to the cross sec- 
tion cr(e + e- -> 0(1O2O)/ O (98O)). This fit employs the 
resulting S-wave /o(980)</>(1020) amplitude to correct 
by final state interactions the non-resonant cross sec- 
tion of ref. [19]. The agreement is very good. The two 
curves shown in the figure correspond to different val- 
ues of the / (980) mass, 0.98 GeV (solid line or Fit 1) 
and 0.99 GeV (dashed line or Fit 2). Finally, regarding 
the ao(98O)0(lO2O) scattering we show in fig.|4]the sim- 
ilar cross section cr(e + e~ — > ao(98O)0(lO2O)). The dot- 
ted lines correspond to the non-resonant cross section 
from ref. 12411 . The latter has been dressed by final state 
interactions due to the ao(98O)0(lO2O) S-wave scatter- 
ing amplitude giving rise to the solid and dashed lines. 
The solid lines employ the ao(980) pole from ref. JfJ, 
while the dashed lines correspond to the ao(980) pole of 
ref. J3|. The differences between the panels arise due to 
the fit employed for cr(e + e - -> / O (98O)0(1O2O)), as just 
discussed. One clearly sees a resonant behavior when 
the ao(980) pole is taken from the more complete study 
of the meson-meson amplitudes of ref. [6] as compared 
with ref. for which no resonance stems. 



4. Conclusions 

We have shown that the interactions of the scalar reso- 
nances with the lightest pseudoscalars and vector res- 
onances is tightly constrained from chiral symmetry. 
Chiral Lagrangians are first used to generate dynami- 
cally the lightest nonet of scalar resonances and then a 
tower of new pseudoscalar and vector resonances can be 
generated dynamically by working out the interactions 
of the former with the pseudoscalar mesons and vec- 
tor resonances employing again the same Lagrangians 



and the obtained meson-meson amplitudes containing 
the lightest scalars. We have obtained resonant signals 
contributing to the physical pseudoscalar resonances 
tt(1300), tt(1800), £(1460), 77(1475) and Z(1835). In 
addition, our solutions could also contain an exotic 
pseudoscalar / = 3/2 a$K resonance. We have obtained 
a good reproduction of the observed properties of the 
0(2170) as well and stressed the interest in looking for 
an isovector partner of the latter which is rather likely to 
exist as we have shown. 
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